Background: There is limited understanding on patterns of systemic treatment in adults with moderateto-severe atopic dermatitis (AD) in the UK. Objective: To characterize treatment patterns in adult AD patients prescribed immunosuppressants (IMMs) in the primary care setting. Results: Six hundred and fifty-six patients with AD (6.6%) were prescribed IMM in the analysis (mean age 52.1 years; 59.1% female; age-adjusted Charlson comorbidity index 1.4). Most prevalent (>5%) conditions at baseline were depression (10.8%), contact dermatitis (10.7%), rheumatological disease (7.9%), skin/subcutaneous tissue disorders (6.4%), upper respiratory disease (5.8%), and psoriasis (5.2%). At baseline, up to 50% of patients were prescribed 1 IMM. During follow-up, 42.7% of patients were prescribed oral corticosteroids (OCSs), increasing in line with IMM exposure. The most commonly prescribed IMM was methotrexate (43.3%). Ciclosporin, the only approved IMM for AD, was prescribed to 16.9% of patients. Conclusions: The prevalence of comorbidities and high rate of IMM prescriptions demonstrate the impact of AD on quality of life. The frequency of OCS prescribing in AD patients treated with IMMs suggests a lack of disease control with existing therapies, and an unmet need for safe and effective targeted agents for long-term disease control.
Introduction
Atopic dermatitis (AD) is a chronic skin disorder characterized by immune-mediated inflammation, intense itching, and eczematous lesions (1) . Most cases of AD first present in infants and children up to 5 years of age (2) , and tend to follow a recurrent, relapsing course that often resolves by puberty (3) . However, in 50% of cases, AD persists into adulthood and becomes a chronic, lifelong condition. Moderate-to-severe AD is characterized by a multidimensional burden that includes persistent itch, pain, sleep disturbances, impaired mental health, and reductions in productivity and health-related quality of life (HRQoL) (4) (5) (6) (7) .
Adult patients with moderate-to-severe AD, whose symptoms are generally not well controlled with topical therapy, can be treated with phototherapy, or systemically with oral corticosteroids (OCSs) or immunosuppressants (IMMs) (8) (9) (10) (11) . OCSs are indicated for short-term treatment (up to 3 weeks) of acute flares, but are not recommended for long-term use due to an unfavorable benefit:risk profile (8) (9) (10) (11) . Diabetes, hypertension, gastric ulcers, osteoporosis, glaucoma, and Cushing's syndrome have been associated with long-term use of OCSs (8) (9) (10) (11) (12) .
Immunosuppressive agents commonly prescribed for the treatment of moderate or severe AD include ciclosporin, azathioprine, methotrexate, and mycophenolate mofetil (13) . Currently, in several European countries, including the United Kingdom (UK), ciclosporin is the only systemic IMM drug approved for the management of severe AD in adults (14) . However, as ciclosporin has a narrow therapeutic index, its use requires regular monitoring of renal function and blood pressure (15) , and it has also been associated with an increased risk of squamous cell carcinoma (16) . For these reasons, ciclosporin is only approved for a limited treatment period of 1 year (14) . Meanwhile, the other immunosuppressive agents are used off-label (14) , despite limited evidence supporting their efficacy and safety (17) . By establishing the prescribing patterns of these agents, a better understanding could be gained of the clinical management of AD in adult patients and their unmet treatment needs.
The objective of this study was to characterize treatment patterns in adult patients with AD prescribed systemic IMMs in the UK primary care setting.
Methods

Data source
This retrospective healthcare study utilized data from The UK Health Improvement Network (THIN), a large primary care database (18) of anonymized medical records of more than 13 million patients (3.5 million active patients) from 587 general practices across England, Wales, Scotland, and Northern Ireland. Of note, the data from the THIN database are representative of general practitioners and not specialists in dermatology. The study protocol was reviewed and approved by the UK Independent Scientific Review Committee, and the study was conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki.
Study design
The first recorded diagnosis of AD during the study period was the index diagnosis between January 1 2007 and December 31 2009. The index date was defined as the date of the first systemic IMM prescription after the index diagnosis. Baseline assessment was 12 months prior to the index date, and follow-up was 12 months after the index date. Systemic IMM prescriptions that were screened included methotrexate, azathioprine, mycophenolate mofetil, and ciclosporin.
Population
The THIN database contains anonymized records of more than 11 million patients from more than 500 general practitioner practices in the UK (19, 20) . The analysis population comprised a cohort of eligible adults (18 years of age) with a diagnosis of AD recorded during the study period, validated by at least one medical-claim evidence of AD diagnosis. Patients were eligible if they received at least one prescription for a systemic IMM within 12 months of the first AD diagnosis. The cohort identified by this approach was therefore deemed to be representative of those cases with moderate-to-severe AD. Patients who died during the study period or who received an organ transplantation, bone marrow transplantation, or stem cell transplantation before or during the study period were excluded.
Comorbid conditions
Baseline data on patient Charlson Comorbidity Index (CCI) score (21) , atopic comorbidities (allergic rhinitis and asthma), comorbid skin conditions (all skin conditions, skin and subcutaneous tissue disorders/inflammatory conditions, and psoriasis), and mood disorders (anxiety, depression, and sleep disorders) were evaluated, and the most common comorbidities (>5%) were reported.
Prescribing patterns
Prescribing data were evaluated during the follow-up period. The mean number of prescriptions and the prevalence of at least one prescription for topical corticosteroids, topical calcineurin inhibitors, phototherapy, OCSs, and IMMs were reported. In addition, the relationship between IMM exposure and OCS prescribing was explored. Systemic IMM exposure was defined as the number of once-daily tablets prescribed during the 1-year follow-up period divided by 365 days. To determine the quartile of IMM exposure, concomitant OCS prescribing was stratified according to IMM exposure (25% vs. >25%; 50% vs. >50%; and 75% vs. >75%).
Statistical analyses
The Chi-squared test was used to compare categorical variables between groups, with the two-tailed significance level (a) set at 0.05. Data analyses were performed using SAS software version 9.2 (Cary, NC).
Results
Patient demographics
Of 152,086 eligible adult patients with AD identified in the UK THIN database, 9969 had adequate historical data and comprised the population of analysis ( Figure 1 ). A total of 656 patients (6.6%) with a mean age of 52.1 (standard deviation (SD) 17.9) years met the inclusion criteria; 59.1% of patients were female (Table 1) .
Comorbidities
The most prevalent (>5%) comorbidities were depression (10.8%), contact dermatitis (10.7%), rheumatological disease (7.9%), skin and subcutaneous tissue disorders not inclusive of codes for vasculitis and collagen diseases (6.4%), upper respiratory disease not inclusive of asthma (5.8%), and psoriasis (5.2%) ( Table 2) .
Prescription patterns during the follow-up period
Prescribing during follow-up is shown in Table 3 ; most patients were prescribed topical corticosteroids (61.9%) and/or emollients (49.4%). Overall, 42.7% of patients were prescribed an OCS, with a mean of 6.3 (SD 5.6) prescriptions per year. The most commonly prescribed IMMs were methotrexate (43.3%) and azathioprine (41.3%). Ciclosporin was prescribed in 16.9% of patients ( Figure 2 ). The mean number of prescriptions per year for any IMM was 9.2 (SD 6.8) ( Table 3) .
Concomitant oral corticosteroid prescribing by systemic immunosuppressant exposure
The proportion of patients with one or more OCS prescription was numerically higher among patients with greater IMM exposure than with patients with lower IMM exposure; however, the difference attained statistical significance only for IMM exposures of 75% versus >75% (p ¼ .0159) ( Table 4 ). The mean number of concomitant OCS prescriptions per year was generally similar (5.4-6.6 per year) regardless of systemic IMM exposure ( Table 4 ).
The mean number of IMM prescriptions per year was 9.2. Heavy IMM users (defined as patients who received more than nine IMM prescriptions per year) had a significantly higher mean number of OCS prescriptions than patients with less than nine IMM prescriptions per year (7.3 vs. 5.6, respectively; p ¼ .0147). When evaluated for specific IMM use, this comparison reached statistical significance for patients receiving mycophenolate mofetil or methotrexate (p ¼ .0497 and p ¼ .0016, respectively) ( Table 5 ).
Concomitant oral corticosteroid prescribing by number and type of systemic immunosuppressant
Compared with prescriptions for a single systemic IMM, prescriptions for two unique systemic IMMs during the follow-up period were associated with a greater proportion of patients with at least one OCS prescription (44.2% vs. 53.5%) ( Table 6 ) and a higher mean number of OCS prescriptions per year (6.2 vs. 7.7) (Table 6) ; however, the differences were not statistically significant. OCS use was generally high regardless of the type of systemic IMM used (32.4-64.9%) ( Table 6 ). Compared with patients receiving ciclosporin, those receiving methotrexate, azathioprine, and mycophenolate mofetil had significantly higher numbers of OCS prescriptions during the follow-up period ( Table 6 ).
Discussion
This retrospective study based on the UK THIN primary care database (18) characterized the real-world treatment patterns in UK adult patients with AD treated with systemic IMMs. In the UK, prescribing of IMMs for AD is initiated by dermatologists in secondary care, but usually prescribing is then continued by primary care physicians under joint supervision. We showed that in this cohort of 9969 adult patients with AD, 6.6% were prescribed a systemic IMM. The data indicated that ciclosporin, the only approved IMM for AD in the UK, was prescribed to just 16.9% of patients treated with IMMs seen by general practitioners. This relatively low rate of use concurs with the observations of ciclosporin use found through an online survey of UK dermatologists (22) , which found that ciclosporin was not the preferred first-line systemic agent, with only 37% of dermatologists prescribing the drug as first line. The prescribing in the UK differs somewhat from studies reporting IMM usage in Dutch (23) and French (24) adult patients with AD, in which ciclosporin was prescribed to 80% of patients. One explanation for the divergence in prescribing rates of ciclosporin between the UK and other European countries may be explained by the consensus among British Dermatologists that ciclosporin should be discontinued after 1-2 years of therapy (23, 24) . In addition, the British National Formulary recommends that ciclosporin should only be used for short-term treatment of severe AD for a maximum period of 8 weeks (25) . These recommendations may have influenced ciclosporin prescribing in patients with chronic, severe disease.
Conversely, methotrexate (43%) and azathioprine (41%) were the most frequently prescribed immunosuppressive agents in this study ( Figure 2 ). The online survey reported by Taylor et al. (22) pointed to azathioprine as the preferred first-line systemic agent by 47% of dermatologists, ahead of systemic corticosteroids (42%) and ciclosporin (37%); in addition, methotrexate was the most commonly used second-line systemic agent (45%). Despite being off-label, the increased prescribing of azathioprine in the present study and the study by Taylor et al. (22) may be explained by British and European guidance (11, (26) (27) (28) , which recommend it for the treatment of refractory moderate-to-severe AD. Meanwhile, evidence to support the effectiveness of methotrexate compared with azathioprine (29) may explain the increasing trends towards methotrexate prescribing.
More than 40% of patients treated with a systemic IMM were also prescribed an OCS. Concomitant OCS prescribing is suggestive of the treatment of patients with refractory/severe disease, severe flares, or comorbid conditions, such as asthma. Our analyses showed no reduction in OCS use among patients with a higher number of IMM prescriptions. In fact, OCS use generally increased among patients with greater IMM exposure. It is possible that a higher number of IMM prescriptions is correlated with greater disease severity. Therefore, it might be expected that an increase in OCS use would be observed among patients with more IMM prescriptions (greater disease severity). IMM: immunosuppressant; SD: standard deviation. a IMM exposure was defined as the number of once-daily IMM tablets prescribed during the 1-year follow-up period/365 days. b Among patients with 1 oral corticosteroid prescription in the follow-up period. Phototherapy/photochemotherapy had a negligible prescription rate in the current study. This is because the THIN database only reports patients seen in general practice, and phototherapy can only be prescribed by a consultant dermatologist or accredited practitioner working under the supervision of a consultant dermatologist (30) , and delivered in secondary care as a hospital day case treatment. By contrast, the study by Taylor et al. (22) was conducted among specialists, who can prescribe phototherapy, and in this study phototherapy was the most common therapeutic modality. These results are not unusual, as specialists are more likely to follow treatment guidelines than primary care physicians and use a step-wise treatment approach in doing so (31) , whereby phototherapy is prescribed prior to IMMs.
There are some limitations of the THIN data that should be considered when interpreting these results. THIN does not provide data on AD severity, such as SCORing AD (SCORAD) (32) or the Eczema Area and Severity Index (EASI) (33) . In the current study, the prescription of an IMM was applied as a surrogate marker of severe disease. It was not possible to assess disease control as THIN does not include data on key AD-specific signs, symptoms, or QoL outcomes. Hence, OCS use was considered a surrogate for disease control, given its use in clinical practice on a short-term basis to treat disease exacerbations. In addition, the number of IMM prescriptions received per year does not necessarily correlate with the length of time a patient spends on treatment, as clinical practice is highly variable and can differ for each IMM. For example, clinicians may provide monthly prescriptions for ciclosporin (equivalent to 12 prescriptions per year) or 3-monthly prescriptions for methotrexate (equivalent to four prescriptions per year). Finally, as the dataset does not allow confirmation of the disease being treated, some of the OCS prescribing may have been directed towards conditions identified here as co-morbidities (e.g. rheumatological disease, respiratory, and non-AD skin disease). However, in the UK, psoriasis is not treated with OCS. For the 7.9% and 5.8% of patients with concomitant rheumatological disease, or upper respiratory disease (including asthma), respectively, OCSs may have been prescribed to treat the comorbidity rather than AD. However, we want to highlight that OCS usage in the ciclosporin-and azathioprine-treated groups, treatments that are only used for AD, was equivalent to that in the methotrexate/ mycophenolate groups. Thus, although this does not exclude the possibility that some patients in the cohort had AD requiring IMM treatment and another unrelated condition requiring OCS treatment, we suspect that this potential error in interpretation is small. Despite these limitations, THIN provides a valid (34) (35) (36) and generalizable source of data to study treatment patterns in the general UK adult population (37) and has been used extensively in other disease areas to address similar objectives (36, (38) (39) (40) (41) .
In conclusion, this analysis of data from the THIN primary care database of more than 13 million patients in the UK indicates a high prescription rate of systemic IMMs among adults with AD (6.6%). Significant comorbidities, such as depression (10.8%), are associated with this skin condition. The prevalence of concomitant OCS use among UK adult patients with AD prescribed systemic IMMs, suggests inadequate disease control with existing systemic therapies, and a significant unmet need for new therapies that provide safe and effective disease control.
